Two trials were conducted to study ruminal lactic acid, histamine, tyramine and tryptamine concentrations following glucose engorgement in vitro and in vivo. Also, electrolyte changes in rumen fluid, blood plasma and urine during lactic acidosis were examined.
INTRODUCTION
When ruminants consume excessive amounts of readily fermentable carbohydrates, the rate 1 The investigation reported in this paper (77-5-187 ) is in connection with a project of the Kentucky Agricultural Experiment Station and is published with the approval of the director.
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3 Department of Animal Science. 4 Appreciation is expressed to Mr. Walter Stroup for his statistical counsel. of lactic acid production may exceed the rate of its metabolism to volatile fatty acids. As lactic acid accumulates in the rumen, the pH declines, ultimately causing a shift in the ruminal microbial population. Bacteria capable of decarboxylating the amino acids, histidine and tyrosine are among those that proliferate at the lower pH (Rodwell, 1953) . Dain et al. (1955) correlated the ruminal histamine concentration to the condition of sheep during acidosis. Sanford (1963) and Long (1969) were unable to determine conclusively the importance of histamine during acidosis. Data of Koers et al. (1976) are inconsistent with an important role for histamine during lactic acidosis.
Tyramine has been detected in rumen fluid of acidotic sheep by paper chromatography (Dain et al., 1955; van der Horst, 1961) . However, quantitative measurements were not offered. Tyramine has been reported to be a potent pharmacological agent in certain disorders in human patients (Blackwell et al., 1967) . Van der Horst (1961) also detected another amine which was believed to be tryptamine in rumen fluid of acidotic sheep.
As the lactic acid concentration in the rumen increases, lactic acid absorption increases . ,The increased plasma lactic acid leads to changes in concentrations of electrolytes in the plasma and urine. Plasma mineral levels have been measured by many, but results have been rather variable because of varying severities of acidosis and sampling times (Nilsson, 1963; Dirksen, 1965; Dunlop and Hammond, 1965; Forenbacher et al., 1967; Juhasz and Szegedi, 1968; Stacy and Wilson, 1970; Telle and Preston, 1971; Morrow et al., 1973) .
The objectives of trial 1 were to obtain additional information on the role of dietary histidine in microbial histamine formation during the development of acidotic conditions and to determine the possible extent of tyramine accumulation. Trial 2 was designed to provide 367 JOURNAL OF ANIMAL SCIENCE, Vol. 48, No. 2, 1979 previously unavailable quantitation of tyramine and tryptamine in ruminal contents during in vivo acidosis with concurrent observations on lactic acid, histamine and minerals potentially associated with the dramatic changes in acidbase and osmotic relationships.
EXPERIMENTAL PROCEDURES
Trial 1. Rumen fluid was collected from a rumen-flstulated steer consuming a diet consisting of 20% grass hay, 68% corn, 7% molasses, 3% soybean meal plus vitamins and minerals. The contents were strained through four thicknesses of cheesecloth and placed in an insulated container. In the laboratory, 100-ml aliquots of rumen fluid were transferred to Erlenmeyer flasks already containing 10g glucose and either 0, 1, 2 or 3 mg L-histidine. Triplicate flasks were placed in a water bath and incubated at 38 C under CO2 with constant mixing. Ten-milliliter samples from each flask were removed at 0, 3, 6, 9, 12, 18, 24 and 30 hours. The pH was measured immediately.
Trial 2. Four mature Hampshire ewes were removed from pasture and placed in metabolism crates. The jugular vein was catheterized and a urinary catheter was inserted into the bladder of each ewe. After pre-feeding samples were taken, the ewes were each dosed with 11g/kg body weight of a mixture of 90% glucose and 10% casein in 1 liter of moderately warm water via a stomach tube.
Rumen fluid samples were collected at/ various intervals during the next 58 hr by means of a stomach tube and vacuum pump. The pH was measured immediately. The samples were frozen until preparation for lactic acid, histamine, tyramine, tryptamine and mineral analysis.
Blood samples were removed from the catheters into heparinized tubes. Following centrifugation, plasma samples were frozen until mineral analysis.
ANALYTICAL PROCEDURES
Prior to lactic acid and amine analysis, 10-ml samples were deproteinized by the addition of 5 ml of 30% trichloroacetic acid (TCA) to rumen fluid or plasma. Samples for mineral analysis were diluted with deionized water.
Lactic acid was determined by the method of Barker and Summerson (1941) . Histamine was measured by the procedure of Shore et al. (1959) as modified by Long (1969) . Both procedures were found to be suitable for histamine analysis in rumen fluid, but the latter procedure required less time. After thawing, 20 ml of fluid were placed in a polyethylene centrifuge tube, 5 ml of 30% trichloroacetic acid were added and the contents were shaken for 1 minute. The tube was then centrifuged for 25 min at 20,000 x g. A 4-ml aliquot of the supernatant fluid was transferred to a 25-ml glass-stoppered shaking tube containing .5 ml of 5 N NaOH, 1.5 g of solid NaC1, and 10 ml of butanol. The tube was then shaken for 5 min to extract the histamine in the butanol. After centrifugation, the aqueous phase was removed by aspiration. The organic phase was then given three consecutive washings by shaking for 1 min with 5 ml of salt saturated .1 N NaOH followed by 1 min in the centrifuge at 2000 x g. This wash removes any histidine which might be present. An 8-ml aliquot of the butanol was transferred to a 40-ml glass-stoppered shaking tube containing 5 ml of .1 N HC1 and 15 ml of n-heptane. After shaking for 1 rain the tube was centrifuged at 2,000 x g and the histamine in the aqueous phase was assayed fluorometrically. Fluorescence was developed by transferring a 2-ml aliquot of the acid extract to a test tube followed by the addition of .4 ml of 1 N NaOH and .1 ml of orthophthalaldehyde (OPT). Exactly 4 min after addition of the OPT reagent, .2 ml of 3 N HC1 was added. Contents of the tubes were thoroughly mixed after each addition. The solution was then transferred to a cuvette and the fluorescence at 450 nm resulting from activation at 360 nm was measured in a spectrofluorometer.
Tyramine was quantitated by a modification of the procedures of Spector (1963) and Sen (1969) . One milliliter of deproteinized rumen fluid was pipetted into a tube already containing 1 g NaC1, 9 ml of a NaCI/Na~BaOv saturated buffer (pH 10.7) and 10 ml of ethyl acetate. The tubes were stoppered and shaken for 15 min following centrifugation, the aqueous layer was removed and discarded. Five milliliters of the borate buffer were added and the tubes were again shaken and centrifuged. The 8 ml of the ethyl acetate layer were pipetted into another tube containing 3 ml of .2 N HC1. This mixture was shaken for 15 min and centrifuged. A 2-ml aliquot of the acid phase was removed and 1 ml of .1% 1-nitro 2-napthol in 95% ethyl alcohol and i ml of a nitric acid reagent were added. The solutions were mixed and then heated at 55 C for 30 minutes. After cooling the tubes to room temperature, 5 ml of 1, 2 dichloroethane were added to remove excess color reagent. Following shaking and centrifugation, 2 ml of the aqueous phase were transferred to a cuvette and the fluorescence was measured at 565 nm resulting from excitation at 465 nanometers.
Tryptamine was measured by the fluorometric procedure of Hess and Udenfriend (1959) . Calcium, magnesium, potassium and sodium concentrations were measured by atomic absorption spectrophotometry. Inorganic phosphate concentrations were measured by the procedure of Fiske and Subbarow (1925) as automated for an auto-analyzer.
The data were evaluated by analysis of variance with all hypotheses tested at P<.01 or P<.05.
RESULTS AND DISCUSSION
Trial 1. This trial was conducted in vitro so that results related to potential amine formation by microbial action in the rumen could be obtained with the possibilities of amine release into the rumen and amine losses through absorption or passage out of the rumen eliminated. Results of pH, lactic acid, tyramine and histamine analyses are presented in table 1. Following the addition of glucose to the rumen fluid in vitro, pH decreased from 6.3 to 3.7 by 18 brand remained at that pH for the remainder of the trial. The lactic acid concentrations increased from .13 mg/ml at zero time to 21.6 mg/ml by 30 hours. Both pH and lactic acid concentrations changed significantly with time (P<.01).
These data indicate that the in vitro system did a reasonable job of mimicking the microbial phase of acute lactic acidosis.
Very little tyramine was present in the rumen fluid initially. As the pH decreased, the tyramine concentration increased. By 12 hr, the tyramine concentration was 4.47 ug/milliliter. The optimum pH for tryrosine decarboxylation by mixed bacteria is 5 to 5.5 (Gale, 1946) . In this trial, about half of the tyramine accumulation occurred between pH 5.2 and 6.3. These results demonstrate that acidotic conditions in fermentation by microorganisms from the rumen can result in the production of considerable amounts of tyramine, even in the absence of an added source of tyrosine. The most likely sources of the tyrosine required for the observed tyramine formation are microbial proteins and feed residues present in the original rumen fluid.
The in vitro histamine concentrations also are included in table 1. At all levels of added L-histidine, the histamine concentration increased between 0 and 12 hours. Then the levels decreased somewhat before increasing to the high concentrations at 30 hours. Both time and histidine additions resulted in highly significant increases in the histamine concentrations (P<.O1). The data clearly demonstrate the importance of dietary histidine to the production of histamine in the rumen in confirmation dTime effect and histidine effect were both significant (P<.01).
of the in vivo work of Long (1969) . The optimum pH for histidine decarboxylation has been reported to be 4.5 (Gale, 1946) . In this in vitro system 67, 47, 72 and 87% of the total histamine accumulation occurred above pH 4.7 in the four treatments, respectively. The data also indicate that 20, 42, 68 and 68%, respectively of the histidine decarboxylation occurred when the pH was above 5.2 During in vitro acidosis, the rate of histidine decarboxylation decreased. This is evidenced by the decreased histamine concentrations at 18 or 24 hr in all treatments. Trial 2. In this trial, glucose was administered at a level used repeatedly in this laboratory to produce acute lactic acid acidosis with only moderate risk of death of the treated animals. Casein was included to insure adequate amino acid precursors for amine formation. Following glucose engorgement, the ruminal pH decreased from 6.97 to 4.7 (table 2). The pH remained low (4.7 to 4.9) from 10 to 26 hours. Then the pH increased each period for the remainder of the collection. The decreased pH is due to the accumulation of acid concentrations of 11 to 12.5 mg/ml between 10 and 26 hours. Both pH and lactic acid concentrations changed signifi o cantly with time (P<.01). Other reports of ruminal lactic acid concentrations during lactic acidosis include 21.6 mg/ml (Dunlop and Hammond, 1965) , mg/ml and 5.9 mg/ml (Koers et al., 1976) . The ruminal pH's observed in this trial are comparable with data presented by Brawner et al. (1969) and Koers et al. (1976) . However, Juhasz and Szegedi (1968) reported ruminal pH values as low as 3.84 in sheep with extreme lactic acidosis.
The mean ruminal histamine concentrations did not change significantly after engorgement with glucose (P<.01). Of the four ewes in this trial, only one had any increase in ruminal histamine during acidosis (table 2). This ewe had 5.57 ug/ml at 46 hours. Dain et al. (1955) reported increased ruminal histamine levels in acidotic sheep and correlated the histamine level to the severity of symptoms during acidosis. Sanford (1963) dosed three sheep with glucose and later detected an increased histamine concentration (of 7.8 ,g/ml) in only one of them. Koers et al., (1976) measured ruminal histamine in three acidotic lambs and found the level to be quite variable during acidosis. The highest concentration of histamine reported was 5.27 ug/milliliter. Trial 1 indicated that histidine decarboxylation occurred above a pH of 4.7 in vitro but apparently this did not occur in vivo. As stated previously, the optimum pH for histidine decarboxylation is reported to be 4.5 (Gale, 1946) . In trial 2, the lowest mean pH was 4.7 during acidosis which may account for the failure to find consistent increases in histamine concentrations.
The ruminal tyramine concentrations were rather stable during the first 34 hr of acidosis (table 2) . However, the concentration increased markedly after 34 hr, reaching a mean of 32 ug/ml by 58 hours. These increases were highly significant (P<.01). Nearly all of the tyrosine decarboxylation occurred above pH 5.28 in this trial. It seems likely that the microbial population changed during acidosis to include types capable of decarb0xylating tyrosine. Lagerberg and Clapper (1952) reported that several strains of lactobacilli were capable of decarboxylating tyrosine. Lactobacilli numbers inci'ease greatly during acidosis (Hungate et al., 1952) . Gale (1946) reported that the optimum pH for decarboxylation was 5 to 5.55, but that some decarboxylation may continue up to pH 7. Our results seem to be consistent with this. It is also possible that the increased concentrations reflect a breakdown in amine removal rather than increased synthesis. The ruminal tryptamine concentrations were stable throughout the first 26 hr of acidosis (table 2). More than 90% of the highest tryptamine concentration was produced between 26 and 46 hr at pH's of 4.7 to 6.0. It appears that the pH optimum for tryptamine formation may be similar to that of tyramine. There was some variation, however, as to when the highest tryptamine levels were found in the four ewes. Individual peaks were at 34, 46 and 58 hours. Again, it is important to remember that concentrations at a given time represent a balance between production and removal mechanisms. Consequently, high concentrations could result from either increased formation, reduced removal or combinations of these.
The results of the analyses of ruminal fluid for calcium, magnesium, sodium, potassium and inorganic phosphate are shown in table 3. The concentrations of all of these minerals except inorganic phosphate changed significantly during acidosis (P<.01). Ruminal magnesium and calcium were characterized by an immediate increase after the administration of the glucose. The magnesium level reached the highest concentration by 2 hr and then decreased during the remainder of the collection period. The calcium concentration increased through 14 hr and then decreased during the remainder of the trial. The increases of both calcium and magnesium are probably due to the lowered ruminal pH. Decreased pH increases the solubility of these minerals in the small intestine ( Van't Klooster, 1969) and should have the same effect in the rumen. The decreased concentrations are probably due to dilution by vascular fluids that enter the rumen due to osmotic pressure changes (Huber, 1976) and by saliva. Both contain lower concentrations of minerals than observed here in ruminal contents. The sodium and potassium concentrations both decreased during early acidosis, but the decreases were not of great magnitude (20%). The glucose was added in 1 liter of water. Mixing 1 liter of water into the ruminal contents of a sheep would nearly account for this change.
Plasma mineral concentrations are presented in table 4. The calcium and magnesium concentrations generally decreased during acidosis. The calcium concentrations changed significant- Dirksen (1965) , Forenbacher et al. (1967) and Morrow et al. (1973) . The magnesium concentrations changed significantly (P<.01) during acidosis, but did not reach hypomagnesemic levels. Both Dirksen (1965) and Forenbacher et al. (1967) also reported lowered magnesium levels. Dirksen (1965) reported blood magnesium levels as low as 7.0 ppm. The plasma sodium concentrations increased a small amount during acidosis. Although these changes were small, they were significant (P<.05). The higher concentrations between 10 and 26 hr when the lactic acid concentrations were highest can be attributed to the importance of sodium in the plasma buffer system. Similar observations fiave Juhasz and Szegedi (1968) . Inorganic phosphate in the plasma also increased a small amount during acidosis, but this was not statistically significant. The concentrations of magnesium, sodium and potassium in the urine (table 5) changed significantly during acidosis (P<.01). The inorganic phosphate concentration also changed significantly (P<.05). The changes in calcium concentrations approached significance (P<.06). The concentrations of calcium, magnesium and potassium all increased rapidly during early acidosis and then decreased drastically. The urinary concentrations of sodium and inorganic phosphate did not increase as much until after 6 hours. By 34 hr, the concentrations of all these electrolytes were quite low. Our data seem to be consistent with the observation that hypercalciuria and hypermagnesiuria coincide with renal retention of sodium during acidosis in sheep (Stacy and Wilson, 1970) . Sodium and inorganic phosphate concentrations seem to be closely related to the lactic acid levels in body fluids.
It is apparent from these data that major changes in mineral concentrations in the rumen occur during lactic acidosis. Changes in the plasma are less dramatic but still enough to be of considerable concern. The dramatic changes observed in urinary mineral concentrations are clearly indicative of major stress on renal regulatory mechanisms. Although not well documented in the present experiment, interpretation of these concentration data should take into account major increases in fluid volume in the tureen, hemoconcentration, and wide fluctuations in volume of urine which were apparent in the current experiment and have been observed consistently in previous work.
